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trial fibrillation (AF) often recurs immediately after elec-
rical cardioversion. Figure 1 shows a rhythm strip recorded
uring an attempt at electrical cardioversion in a patient
ith persistent AF. A 200-J biphasic external shock restores
inus rhythm, but is followed by frequent atrial premature
epolarizations (APDs) and an immediate recurrence of
F. The first APD conducts to the ventricle, the second
locks in the atrioventricular node, and the third reinitiates AF.
hat is the mechanism of an immediate recurrence of AF?
See page 2153
The phrase “AF begets AF” first appeared in the litera-
ure in 1995 in the title of an animal study published by
ijffels et al. (1) from Maastricht. In this study, an
picardial atrial pacemaker was permanently implanted in
oats to artificially maintain AF by rapid atrial pacing.
nduced episodes of AF caused temporary shortening of the
trial effective refractory periods (ERPs), a reversion of
hysiologic rate adaptation, and a propensity for longer
ubsequent episodes of AF. The atrial refractory periods
ventually normalized, but the shortening persisted for a
uration that was directly proportional to the duration of
acing. Similar observations were subsequently made in the
lectrophysiology laboratory in humans by Daoud et al. (2).
Shortening of atrial refractory periods promotes recurrent
nd longer episodes of AF ultimately leading to permanent
F. The mechanism underlying reversible shortening of
trial refractoriness after a brief episode of AF is probably
elated to transient intracellular calcium overload and a
eduction of L-type calcium channels caused by rapid atrial
ates. Longer episodes of AF may cause more permanent
tructural remodeling by mechanisms that include apoptosis
nd fibrosis.
The pulmonary veins (PVs) play a major role in the
nitiation and maintenance of AF (3). Their role appears to
e greatest in patients with paroxysmal AF in the absence of
Editorials published in the Journal of the American College of Cardiology reflect the
iews of the authors and do not necessarily represent the views of JACC or the
merican College of Cardiology.t
From the Division of Cardiology, Department of Internal Medicine, University of
hicago, Chicago, Illinois.tructural heart disease. The importance of the PVs during
F may be explained by their distinctive electrophysiolog-
cal properties. For example, it has been shown that PV
yocytes resemble sinus nodal cells and that the refracto-
iness of the PVs in patients with AF is significantly shorter
ompared with that of patients without AF (4).
In this issue of the Journal, Rostock et al. (5) bring the
ork on short-term electrical remodeling in the atria to the
Vs. The authors determined the relative effect of brief
pisodes of AF on the refractory period of the PVs com-
ared with that of the remaining atria. At baseline, the ERP
f the PVs was longer than those of the right and left atria.
owever, the degree of ERP shortening after a brief episode
f pacing-induced AF was more prominent in the PVs
ompared with ERP shortening in the right and left atria. In
ddition, after an episode of AF, compared with baseline,
onduction velocity was slower in the PVs, but not in the
tria. This study has some limitations, including the absence
f autonomic blockade and inclusion of patients without a
istory of AF. However, the data provide evidence that the
lectrophysiological behavior of the PVs differs from that of
he atria and may further explain the dominant role that
Vs play in patients with AF.
The authors further show that tachycardia-induced ERP
hortening in the PVs may facilitate the initiation of AF.
his relationship is consistent with and predicted by the
idely accepted AF model of multiple wavelets of re-entry.
n the present study of the PVs by Rostock et al. (5) and in
revious studies of the atria (1,2), the delivery of an atrial
xtrastimulus, while attempting to measure the atrial ERP,
s more likely to induce AF after an episode of AF compared
ith baseline. Using the same model of re-entry, shorter
ecovery times also translate into shorter re-entrant wave-
engths, which permit more wavelets of re-entry within a
iven amount of tissue and make it less likely that the AF
ill extinguish. As well, nonunifiorm shortening may create
n increase in regional variation in refractory periods,
urther promoting AF.
It is clear that both atrial and PV refractory periods
horten during AF. However, does this refractory period
hortening explain why AF begets AF? Is it possible that
lectrical remodeling is just an epiphenomenon? An addi-
ional explanation for why an episode of AF leads to further
F is that the initial episode induces subsequent spontane-
us ectopy that increases the likelihood of re-entry. In other
ords, the critical impact of an episode of AF may be more
elated to its increase in the number of triggers that induce
F rather than to its modification of the substrate. Calcium
verload during atrial tachyarrhythmias not only shortens
he refractory periods that foster re-entry, but also leads to
pontaneous depolarizations. Honjo et al. (4) showed that
Vs have the potential to generate spontaneous activity after
n episode of tachycardia. After treatment with ryanodine,
hich induces calcium-independent calcium release from
he sarcoplasmic reticulum, and after rapid atrial pacing,
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Editorial Comment June 3, 2008:2161–2abbit PVs were shown to develop spontaneous activity.
nother line of evidence that suggests triggers may be more
mportant than electrical remodeling comes from heart
ailure animal models. In these models, AF leads to persis-
ent AF in the absence of significant shortening of atrial
efractory periods, possibly due to an increase in triggered
ctivity and delayed afterdepolarizations.
Perhaps an episode of AF increases the probability of
ubsequent episodes of AF neither by its effect on the atrial
efractory period nor by its effect on the density of single
trial ectopic beats. Instead, AF may trigger bursts of PV
achycardia. The frequent ectopy seen on the rhythm strip
hown in Figure 1 is commonly seen after cardioversion in
atients who develop recurrent AF. An important question
hat remains inadequately explored is whether an APD at
he onset of a recurrent episode of AF (Fig. 1) is initiating
e-entry, much like an atrial extrastimulus in the electro-
hysiology laboratory, or whether the APD is just the first
eat of a sustained rapid focal discharge. Clinically, when a
atient with a history of idiopathic paroxysmal AF is
ndergoing an electrophysiology procedure, but has no
pontaneous ectopy or AF during the procedure itself, a
acing-induced, self-terminating episode of AF is often
ollowed not just by frequent atrial ectopy, but by repeated
ursts of PV tachycardia. Therefore, although AF may
eget AF in the PVs, the subsequent rhythm may be quite
ifferent than the initial rhythm: it may be a focal tachy-
ardia rather than a re-entrant rhythm. In this case the term
beget,” meaning creation in one’s own likeness, may not
ccurately apply.
Despite a substantial collection of data, it is difficult to
etermine the relative importance of the various mecha-
isms by which an episode of AF might promote recurrent
F. A variety of drugs have been shown to prevent an early
ecurrence of AF. Intravenous verapamil has been shown to
ttenuate the effect of a brief episode of pacing-induced AF
n electrical remodeling and atrial vulnerability (6). How-
ver, vulnerability was based on the ease with which an atrial
xtrastimulus could induce secondary episodes of AF, not
n the frequency of atrial ectopy or spontaneous episodes of
F. Sticherling et al. (7) randomized patients who experi-
nced an immediate recurrence of AF at the time of
Figure 1 A Rhythm Strip Showing an Immediate Recurrence of
See the text for explanation. AF  atrial fibrillation; APD  atrial premature depolalectrical cardioversion to verapamil and ibutilide. Eightatients (73%) had another episode of immediate recurrence
f AF after verapamil, compared with 2 patients (22%) after
butilide (p  0.05). However, verapamil may have been
neffective because it was administered after patients had
een in AF for a substantial amount of time. Amiodarone
as also been shown to prevent recurrent AF. It has been
hown to be as effective as ibutilide in preventing an
mmediate recurrence of AF in patients undergoing PV
lectrical isolation (8). Although these studies provide
ractical information, the drugs that were used have multi-
le electrophysiological effects. None of these studies helps
iscern the relative importance of substrate versus triggers, or
elps determine if immediate recurrences of AF are due to
e-entry or repetitive focal discharges. Further studies are
eeded to determine the relative clinical importance of the
ifferent mechanisms by which AF encourages more AF.
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